Introduction This paper builds our knowledge of truck driver behaviour in and experience of automated truck platooning, focusing on the effect of partially and fully automated truck platoons on driver workload, trust, acceptance, performance, and sleepiness. Methods Twenty-four male drivers experienced three conditions in a truck driving simulator, i.e., baseline, partial automation, and full automation: the baseline condition was driving with standard cruise control; partial automation was automated longitudinal control ten metres behind the truck in front, with the driver having to steer; and full automation was automated longitudinal and lateral control. Each condition was simulated in three situations: light traffic, heavy traffic, and heavy traffic plus fog. Results The experiment demonstrated that automation affects workload. For all workload measures, partial automation produced higher workload than did the full-automation or baseline condition. The two measures capturing trust, i.e., the Human Trust in Automated Systems Scale (HTASS) and Cooper-Harper Scales of Workload, Temporal Load, Situation Awareness, and Trust, were consistent and indicated that trust was highest under the baseline condition, with little difference between partial and full automation. Driver acceptance of both levels of automation was lower than acceptance of baseline. Drivers rated their situation awareness higher for both partial and full automation than for baseline, although both levels of automation led to higher sleepiness. Conclusions Workload was higher for partial than for full automation or the baseline condition. Trust and acceptance were generally highest in the baseline condition, and did not differ between partial and full automation. Drivers may believe that they have more situation awareness during automated driving than they actually do. Both levels of automation led to a higher degree of sleepiness than in the baseline condition. The challenge when implementing truck platooning is to develop a system, including human-machine interaction (HMI), that does not overburden the driver, properly addresses driver sleepiness, and satisfies current legislation. The system also must be trusted and accepted by drivers. To achieve this, the development of well-designed HMI will be crucial.
Introduction
Over the last few years, the development of automated driving products has increased significantly. While the technical issues are being researched and prototypes are being prepared for on-road evaluations, we still lack knowledge of the effects of these technologies on the driver, vehicle, and driver-vehicle interaction.
Electronically coupled road trains in which several vehicles follow a lead vehicle, driven more or less automatically, were already mentioned in the Program for European Traffic with Highest Efficiency and Unprecedented Safety (PROMETHEUS) in 1998, and several research projects have been developing the technology and examining its effects (e.g., the SARTRE, IQFleet, PATH, Energy ITS, and GCDC projects). These projects have demonstrated that while platooning technology is mature, questions remain regarding the involved human-machine interaction (HMI) and the driver role in the platoon.
The driving forces behind vehicle automation are often attributed to comfort, convenience, safety, and better use of time, to mention just a few, but there are also potential problems. The main benefit of vehicle platoons, and especially truck platoons, is the reduced fuel consumption, and Davila [6] found consumption reductions of up to 12% for trucks when driving in platoons.
With the automation of one or several driving tasks, driving may become radically simplified; this entails potential mental underload, meaning that that the driving task may become oversimplified, resulting in boredom, cognitive underload, and eventually increased drowsiness and loss of situation awareness. In the long run, there is also a risk of skill degeneration [22] .
While little previous research examines automated truck driving, some examines automated car driving and, despite the differences mentioned, several similarities can be expected between the two. In a study of driver response to sudden events in semi-and highly automated car driving, Martens et al. [17] found that there was no difference in response between the automation modes compared with the control condition (i.e., manual driving). Martens et al. [17] concluded that the drivers retained proper situation awareness. In contrast, Merat and Jamson [18] found that car driver response to critical events was much slower in automated than manual driving. Regarding situation awareness, some studies have found that drivers are more prone to attend to non-driving tasks, such as in-vehicle entertainment, in automated driving [3, 11] . Jamson et al. [11] , however, suggested that this may not necessarily reduce their preparedness for unexpected events, as the studied drivers paid more attention to the road during heavy traffic. A recent study demonstrated that not only were drivers less prepared to handle unexpected events when driving autonomously, but that the greater the automation the worse they performed [27] . These somewhat contradictory results indicate a need for more research into how automation affects driver ability to control the vehicle.
According to the literature, the relationship between automation and sleepiness is clearer. Increased fatigue and distress have been observed after a drive in an automated car [20] , and it has been suggested that automation may produce high levels of fatigue [21] . Funke et al. [7] found that if drivers, during automated driving, were still required to control lateral position, subjective ratings of workload and distress improved.
Some studies find that workload is unaffected by automation. For example, in the KONVOI project, Wille et al. [31] concluded that there was no critical difference in the subjective workload of truck drivers driving in automated versus non-automated truck convoys. Martens et al. [17] achieved the same result for car drivers in control of semi-and highly automated driving. Merat et al. [19] found an interaction effect between automation and workload through a non-visual secondary task in which manual and highly automated driving were affected more than was semi-automated driving.
The varying and sometimes contradictory research results regarding driving automation may stem from the large variation in the types of automated systems tested, varying in the driver tasks automated, in how the HMI is designed, and in the instructions given to the driver. Another factor contributing to the difference may be that the methods used to study user experience themselves vary. As automation could fundamentally change the task of driving (from Bdriving^to Bsupervising^), current methods for assessing user experience of in-vehicle technologies will likely be of limited use in assessing automated driving. This is where the Autonomous Driving Evaluation Methodology and Scenarios (ADEMAS) project underlying this study comes into play. It evaluates various methods of studying user experience and, based on the results, will develop a framework for evaluating the user experience of automated driving and highly automated systems.
Research aim
This paper endeavours to build our knowledge of the role of the HMI and drivers in platooning by reporting a subset of the results of the ADEMAS project concerning driver experience. The methodological framework from the same project is reported by Krupenia et al. [13] . The aim is to examine the effects of partially and fully automated platooning on driver workload, trust, acceptance, performance, and sleepiness using a minimal HMI.
As the study investigated driver experience of automated driving, its focus was on continuous driving rather than critical events or system failures in which the driver rapidly needs to take over control.
Method
The case used for testing and evaluating the methods was an automated truck platooning system in which both partial and full automation were studied. In the fully automated mode, the drivers could, once the platoon had been properly coupled, relinquish both longitudinal and lateral control of the vehicle, allowing the truck to automatically follow ten metres behind the preceding truck. In the partially automated mode, however, the drivers still had to steer the vehicle while the longitudinal control was automated.
Participants
The truck drivers for this experiment were recruited partly from a trucking company owned by Scania Transportlaboratorium (henceforth BScania^) and partly from the Swedish Road and Transport Research Institute (VTI) participant database. In total, 24 male drivers participated in the experiment, nine from Scania and 15 from the participant database. The inclusion criterion was that most of the participants' driving should have been regional or long haul, so that the highway scenario used in the experiment would be representative of their everyday driving.
Apparatus and material

Workload
For workload, the first measure used is the Driver Activity Load Index (DALI; [23] ). DALI is an adapted version of the NASA-TLX and comprises six subscales, each extending from low to high: (1) Effort of attention, (2) Visual demand, (3) Auditory demand, (4) Temporal pressure, (5) Interference, and (6) Situation Stress.
The second measure of workload is based on the Subjective Workload Assessment Technique (SWAT), which comprises Time Load, Mental Effort Load, and Psychological Stress Load ( [25] ; cited in [24] ). A SWAT , a variant of SWAT with continuous dimensions and equal weights, was used [15] . A SWAT is easier to administer and more sensitive for low mental workloads.
In addition to these two subjective measures, the Peripheral Visual Detection Task (PDT) was used [29] . The PDT is an objective measure of the mental workload and visual distraction experienced by drivers.
Supervisory control
Supervisory control can be considered a scheme by which automatic subsystems use information sensed from the physical world together with information obtained by a human operator to influence the operators' interactions in the real world via the control system (adapted from Sheridan [26] ). The present study used the Control Rating Scales [14] , originally developed for use in aviation [9] .
Trust
The Human Trust in Automation Scale [12] comprises twelve items capturing both trust and distrust and scored using sevenpoint Likert scales [16] . The Trust score captures calmness and security while the Distrust score captures fear and worry [16] . In the present study, mean trust and mean distrust scores were created from the participants' answers.
Driver acceptance
User acceptance was investigated using two standard questionnaires, the Acceptance Scale for Advanced Transport Telematics (AATT; [28] ) and the Questionnaire for User Interface Satisfaction (QUIS; [4] ). These two questionnaires provided User Acceptance, User Satisfaction, and Overall Reactions to the product indices.
AATT is a simple, standard tool for assessing the acceptance of new technologies [28] and comprises nine items scored on a five-point scale. Data from the nine questions are reduced to two subscale scores, i.e., Usefulness and Satisfaction.
QUIS [4] assesses subjective responses regarding acceptance and opinions regarding human-computer interfaces. The full QUIS comprises 11 sections, though the current study used only the Overall reactions section. This section comprises six items, each rated on a polar nine-point scale, for example, ranging from terrible [1] -wonderful [9] or frustrating [1] -satisfying [9] . Of these six items, one relating to computing power was removed due to lack of relevance.
Sleepiness
Sleepiness was measured using the Karolinska Sleepiness Scale (KSS), which has nine grades and ranges from 1 = very alert to 9 = very sleepy (i.e., great effort to keep alert, fighting sleep) [1] . KSS is the measure of driver sleepiness that is least affected by between-individual variation [2] .
Driving simulator
The study was conducted in the VTI Simulator II, whose visual system consists of six SXRD projectors giving a 120-degree forward field of vision. Each projector has a resolution of 1920 × 1080 pixels, giving the simulator very high visual acuity. The images are warped and blended using automatic calibration software. Rear-view mirrors are simulated with two LCD displays.
The simulator has a vibration table and a motion system that can provide both linear and tilt motion. The vibration table allows road unevenness to be simulated at higher frequencies, while the tilt motion is used, for example, to simulate the long accelerations that occur when driving through bends, accelerating longitudinally, or braking. Because the simulator's tilt motion affects both the compartment/cab and the projection screen, while the vibration table affects only the compartment/cab in relation to the screen, it is possible to create a realistic road experience (Fig. 1 ).
Driving performance measures
The driving performance measures used here were speed, standard deviation (SD) of speed, lane position, SD of lane position (SDLP), steering wheel reversal rate (SWRR), and reaction to events (i.e., braking or steering).
Scenario
The road consisted of a highway on-ramp (1.3 km) and then highway driving for 62.8 km. Once the driver had driven onto the highway and reached the cruising speed of 82 km/h, he either turned on the CC or connected to the platoon, which conveniently passed just as he approached the highway.
Systems
Three systems were used in this experiment: CC, partial automation, and full automation. The CC was a standard Scania CC implemented in the driving simulator; however, the drivers were unable to set the speed themselves, which was preset to 82 km/ h. When the drivers had entered the highway, they pressed the CC button and the vehicle accelerated/slowed to 82 km/h, just as if they had pressed the resume button on the CC.
The partial and full automation modes were developed at VTI. When the partial automation system was activated, the truck accelerated to catch up to the truck in front (or slowed if it was closer than ten metres to the truck in front, which was never the case). When the truck was within ten metres of the truck in front, it followed at that distance, with some minor variation: going uphill, the truck could follow a few metres farther behind, and downhill it could be a little closer. The system was activated using the same button as was the CC. In addition, a display indicated the system status.
The fully automated system was similar to the partially automated system in how it was activated and controlled; the difference was that the system also activated the steering, meaning that the drivers could release the steering wheel and did not need to do anything for the 45-min drive.
The partially automated system could be overridden by braking or accelerating, while the fully automated system could also be overridden by steering; if either system was overridden, it had to be activated manually again.
Design and procedure
This experiment used a 3 × 3 within-subject design and there were three automation conditions: partial automation, full automation, and baseline condition. Each condition was simulated in three situations: light traffic, heavy traffic, and heavy traffic plus fog. The baseline condition was driving with standard cruise control (CC). All drivers drove under all three conditions, whose order was balanced. The three situations were always presented in the same order, i.e., light traffic came first, then heavy traffic, and finally heavy traffic with fog.
When arriving at VTI, all participants were welcomed, were informed about the experiment, and signed an informed consent. The drivers then completed background questionnaires while the experiment leader applied electrodes to measure galvanic skin response (GSR) and electro cardiogram (ECG), which were used in the ADEMAS project but are not reported here. All questionnaires were completed on an iPad2 using web questionnaire software for SPSS.
After questionnaire completion and the electrode measurements, the participants were moved into the simulator where they were shown the layout of controls for system operation and how the controls worked. The Peripheral Detection Task (PDT) was also demonstrated.
Once the drivers were in place, they received ten minutes of training, during which they familiarized themselves with the simulator and learned how to set the cruise control and to drive. During the familiarization drive, participants also experienced the PDT. After finishing the training, participants completed a short questionnaire, i.e., the Driver Activity Load Index (DALI) weightings, without leaving the simulator.
When the DALI weightings were completed, the first experimental condition started. During the baseline drive, participants commenced driving on the on-ramp, turning on the CC when they had entered the highway, and then drove for 45 min. During the partially and fully automated drives, participants started with one training run on how to connect to the platoon, after which they drove for about 30 s before restarting, connecting to the platoon by themselves, and then driving for 45 min.
Analysis
Workload measures was performed only once for each condition. Therefore, one-way repeated-measures ANOVAs were used to identify any effects of Automation level. Pairwise comparisons of automation level were corrected with Tukeys method when sphericity was assumed and otherwise with Bonferroni. The alpha level was 5%. Fig. 1 The truck driving simulator used in the experiment, including the head-mounted PDT General estimating equations (GEEs) were used to model correlated data for the driving performance measures and sleepiness. Within-participant predictor variables were condition (baseline and partial automation only; note that full automation is not included in the analysis because both lateral position and steering wheel movements are automated in full automation) and situation (i.e., light traffic, heavy traffic, and heavy traffic with fog). Order, representing the chronological order of the conditions, was included as a covariate. The working correlation matrix was set to exchangeable because symmetry was assumed. The outputs are Wald statistics (χ2), indicating the significance, and regression coefficients (B), presenting the relationships between the predictor variables. All results have a confidence interval of 95% and significances are at the p < 0.05 level.
Results
Workload
Looking at the effect of automation level on workload measured by ASWAT and DALI, the results indicate that automation significantly affected DALI, i.e., F(2, 36) = 9.57, p < 0.01, η 2 = 0.35. Post-hoc tests for the DALI indicated no significant difference between responses in the baseline and partially automated conditions (p = 0.06), no significant difference between responses in the baseline and fully automated conditions (p = 0.12), and significantly higher responses in the partially automated than fully automated condition (p < 0.01; Fig. 2 ).
In contrast, Automation Level had only a marginally significant effect on A SWAT , i.e., F(2, 40) = 2.89, p = 0.07, η 2 = 0.13. Post-hoc tests for the A SWAT indicated marginally higher responses in the partially automated than baseline condition (p = 0.08), no significant difference between responses in the baseline and fully automated conditions (p = 0.96), and no significant difference between responses in the partially and fully automated conditions (p = 0.14; Fig. 3 ).
In addition, the following were observed: a significant relationship between DALI Total and A SWAT Total, which are the mean values of the measures, (r = 0.63), a marginally significant relationship between DALI Temporal demand and A SWAT Time Pressure (r = 0.20), and a significant relationship between DALI Effort of Attention and A SWAT Concentration (r = 0.37).
In addition to the subjective measurements of workload, PDT was used as an objective measure. However, Automation Level had no main effect on the PDT reaction time or PDT hit rate.
Supervisory control
When looking at the effects of automation level on workload measured with the Cooper-Harper scale no significant effect was observed, i.e., F(2, 40) = 2.18, p = 0.12, η 2 = 0.10, so no Post-hoc tests were conducted (Fig. 4) .
Automation significantly affected the Cooper-Harper Temporal Load, i.e., F(2, 40) = 3.28, p = 0.05, η 2 = 0.14. Post-hoc tests for the Cooper-Harper Temporal Load scale indicated significant difference between responses in the baseline and partially automated conditions (p = 0.049), no significant difference between responses in the baseline and fully automated conditions (p = 0.845), and marginally higher responses in the partially automated than fully automated condition (p < 0.07 = 0.16; Fig. 5 ).
Automation significantly affected the Cooper-Harper Situation Awareness, i.e., F(2, 40) = 7.54, p < 0.01, η 2 = 0.27. Post-hoc tests for the Cooper-Harper Situation Awareness scale indicated significantly higher responses in the partially automated than baseline condition (p < 0.01), significantly higher responses in the fully automated than baseline condition (p = 0.02), and no significant difference between responses in the partially and fully automated conditions (p = 0.75; Fig. 6 ). 
Trust
Three trust measures were calculated using the raw data. First, consistent with Wang et al. [30] , a Global Trust score was calculated using 11 of the original Jian et al. [12] items (the original item eight was omitted from this Global Trust score). Second, consistent with Lyons et al. [16] , two subscales were calculated, Trust and Distrust. Consequently, three one-way repeated-measures ANOVAs were used to identify any effect of Automation Level on Global Trust, the Trust subscale, and the Distrust subscale.
For the Global Trust score, Mauchly's test indicated that the assumption of sphericity had been violated, i.e., χ 2 (2) = 7.83, so corrected values (Greenhouse-Geisser, ε) are reported. Automation significantly affected Global Trust, i.e., F(1.50, 29.91) = 14.86, p < .001, η 2 = .43. Post-hoc tests comparisons for Global Trust indicated significantly higher responses in the baseline than the partially automated condition (p < .005), significantly higher responses in the baseline than the fully automated condition (p < .005), and no significant difference between responses in the partially and fully automated conditions (p = 1.00; Fig. 8 ). For the Trust subscale score, Mauchly's test indicated that the assumption of sphericity had been violated, i.e., χ 2 (2) = 7.30, so corrected values (Greenhouse-Geisser, ε) are reported. The results indicated a significant effect of Automation on the Trust subscale, i.e., F (1.52, 30.33) = 12.03, p < 0.01, η 2 = 0.38. Post-hoc tests for the Trust subscale indicated significantly higher responses in the baseline than the partially automated condition (p < 0.01), significantly higher responses in the baseline than the fully automated condition (p < 0.01), and no significant difference between responses in the partially and fully automated conditions (p = 1.00; Fig. 9 ).
Automation significantly affected the Distrust subscale score, i.e., F(2, 40) = 9.55, p < .001, η 2 = .32. Post-hoc tests for the Distrust subscale indicated significantly higher responses in the baseline than the partially automated condition (p < 0.01), significantly higher responses in the baseline than the fully automated condition (p < 0.01), and no significant difference between responses in the partially and fully automated conditions (p = 0.92; Fig. 10) .
Additionally, the following were observed: a significant relationship between Global Trust and Trust (r = 0.94); a significant relationship between Global Trust and Distrust 
Driver acceptance
For the AATT Usefulness subscale score, Mauchly's test indicated that the assumption of sphericity had been violated, i.e., χ 2 (2) = 6.327, so corrected values (Greenhouse-Geisser, ε) are reported.
Automation significantly affected AATT Usefulness, i.e., F(1.60, 31.17) = 7.138, p < .005, η = .26). Followup comparisons for the AATT Usefulness subscale indicated significantly lower responses in the partially automated than baseline condition (p < .01), significantly lower responses in the fully automated than baseline condition (p < .01), and no significant difference between responses in the partially and fully automated conditions (p = 1.000; Fig. 11 ).
For the AATT Satisfaction subscale score, Mauchly's test indicated that the assumption of sphericity had been violated, i.e., χ 2 (2) = 0.109, so corrected values (Greenhouse-Geisser, ε) are reported.
Automation significantly affected AATT Satisfaction, i.e., F(1.656, 33.110) = 10.712, p < .001, η = .35. Followup comparisons for the AATT Satisfaction subscale indicated significantly lower responses in the partially automated than baseline condition (p < .01), significantly lower responses in the fully automated than baseline condition (p < .005), and no significant difference between responses in the partially and fully automated conditions (p = 0.932; Fig. 11 ).
Automation significantly affected QUIS, i.e., F(2, 40) = 6.734, p < .005, η = .25. Followup comparisons for the QUIS subscale indicated significantly higher responses in the baseline than partially automated condition (p < .05), significantly higher responses in the baseline than fully automated condition (p < .05), and no significant difference between responses in the partially and fully automated conditions (p = 0.784; Fig. 12 ). Additionally, the following were observed: a significant relationship between AATT Satisfaction and QUIS (r = −0.894) and a significant relationship between AATT Usefulness and QUIS (r = 0.795).
Driving performance measures
For lateral position, a significant main effect of condition was that partial automation led to positioning approximately 10 cm farther right than did the baseline condition (χ2 = 19.27 and B = 0.12); there was no main effect for situation or order. Condition and situation had significant interaction effects on lateral position, such that the heavy traffic with fog (positioned farthest left in the baseline condition) was more affected (χ2 = 8.55 and B = 0.05) by partial automation than was lateral position (ending up farthest right).
A significant main effect of condition was revealed for SDLP such that partial automation led to significantly more variation in lateral position than did the baseline condition (χ2 = 27.37 and B = 0.06). Neither situation nor order had a significant main effect, and neither condition nor situation had a significant interaction effect on SDLP.
Condition had a significant main effect on SWRR, such that partial automation led to approximately eight more reversals per minute than did the baseline condition (χ2 = 88.50 and B = 7.87). Condition and situation had no interaction effect, and order had no main effect on SWRR.
Sleepiness
Condition had a significant main effect on KSS ratings, such that full automation led to significantly higher KSS ratings than did the baseline condition (χ2 = 13.18 and B = 1.40). Situation had a significant main effect, such that both heavy traffic (χ2 = 114.92 and B = 0.75) and heavy traffic with fog (χ2 = 114.92 and B = 1.48) led to significantly higher KSS ratings than did light traffic. Condition and situation had a significant interaction effect, such that heavy traffic with fog led to significantly higher KSS ratings than did light traffic only with partial or full automation but not in the baseline condition (χ2 = 9.67 and B = 0.58; see Fig. 13 ). Order had no main effect on KSS ratings.
Discussion
This paper set out to study how various levels of automation in truck platooning affected the drivers' experience and how well this could be studied. The aim was to examine the effects of partially and fully automated platooning on drivers' workload, trust, acceptance, performance, and sleepiness.
The experiments indicated that automation does affect workload and that the overall tendency is the same for all measures, with partial automation producing a higher workload than does full automation or the baseline condition (i.e., cruise control). According to DALI, the workload is significantly higher for partial than full automation, and A SWAT indicates the same pattern, with partial automation producing a marginally higher workload (p = 0.085) than does the baseline condition. There was a significant correlation between the DALI and A SWAT measures. The Cooper-Harper Scales did not indicate any difference in Mental Load, but the Temporal Load was higher (trend but not significant) with partial than full automation. This is in line with the results of Funke et al. [7] , who found that workload and distress were alleviated in automated car driving when the driver retained lateral control. This could be because the drivers had to work harder at steering during partial automation than during the baseline condition, resulting in a significantly higher SWRR. In a study in which the driver's preview difference (i.e., distance to the preceding truck) was varied, Damveld and Happee [5] found that with a shorter preview distance (i.e., 15 m or less), drivers experienced deteriorated lateral performance and increased steering activity. That finding is relevant to this study in which the preview distance was limited to ten metres, which could explain why the drivers had to work harder at steering during partial automation. The present results regarding trust indicate that all trust measures are positively correlated, indicating that trust is generally highest in the baseline condition with no difference between partial and full automation.
The same goes for driver acceptance of the system, where there was no difference between the two levels of automation, which were both rated as worse than the baseline condition. This result applies to both the AATT and QUIS measures, which were significantly correlated.
This study included no objective test of the drivers' situation awareness, though the Cooper-Harper Scales indicated that the drivers rated their situation awareness higher in both partial and full automation than in the baseline condition. Despite this, several studies have demonstrated that with automation, car drivers are less prepared for unexpected events [18, 27] . Studies have also demonstrated that with automation, car drivers are more willing to engage in non-driving tasks such as in-vehicle entertainment, paying less attention to the road ahead [3, 10, 11] . Although the literature treats car drivers and our study treats truck drivers, whose driving tasks differ, this finding may nevertheless indicate that drivers, whether of cars or trucks, believe that they have more situation awareness than they actually do, using their Bspare^attentional resources for non-driving activities.
Numerous studies have demonstrated that fatigue or sleepiness increases with vehicle automation, and this study is no exception. There was a significant difference between baseline and full automation in that sleepiness was higher during full automation. Situation also had a main effect, in that heavy traffic and heavy traffic with fog led to more sleepiness than did light traffic. There was also an interaction effect in that sleepiness increased more rapidly during partially and fully automated driving than in the baseline condition, suggesting that both levels of automation led to more sleepiness. Funke et al. [7] found that although full automation increased sleepiness, sleepiness did not increase if the drivers retained lateral control. The present study found that retention of lateral control did not prevent sleepiness, although it did help mitigate or delay its effects. One should bear in mind that in this study the treatment and baseline conditions differ not only in the degree of automation but also in the presence of another truck ten metres in front of the driver. It may be that the reduced visual stimuli due to a truck blocking their forward field of vision makes the drivers more fatigued than if they had a full forward view. This possibility cannot be confirmed based on this study, but may explain the difference between the present results and those of Funke et al. [7] .
This study implies that, in designing a truck platooning system, two main factors must be considered, workload and sleepiness. The fully automated truck platoon has the advantage of being less exhausting for the drivers. The drivers do become sleepier, however, with full than with partial automation, though they also become sleepier with partial automation than in the baseline condition, so sleepiness is something that must be considered for all levels of automation. The disadvantage of fully automated truck platooning is that it is more technically advanced and also has legal consequences. Gasser and Westhoff [8] identified five levels of automation, with partial automation, in which the driver must continuously monitor the system and be prepared to take over control at any time, being possible under current legislation. That does not necessarily exclude both lateral and longitudinal automation, but one can argue that driver preparedness to take over control at any time will be considerably compromised if the driving task is fully automated. In a similar study in the MODAS project, Krupenia et al. [13] found that, compared with a no-HMI condition, the full-HMI condition supported higher trust and a lower workload. These findings, along with those of the present study, together identify a need for well-designed HMIs in automated driving. Just adding automation that relieves the driver of some driving tasks without a welldesigned HMI that keeps the driver an equal member of the driver-vehicle unit will likely lead to higher workload, more sleepiness, and lower trust.
Truck and car driving differ in several fundamental ways. While the truck driver has a better forward view, the view in the other directions is more restricted. Also, truck driving entails a lower driving speed and a longer stopping distance due to the great vehicle mass, which, compared with car driving, may lead to more monotony. In addition, truck drivers are professional drivers and this may lead to difficulties generalising results from automated truck driving to car driving.
Method discussion and research outlooks
As situation was not counterbalanced, the effect of situation in that heavy traffic and heavy traffic with fog led to more sleepiness, may be an effect of the increased workload induced by traffic and weather, an effect of time on task, or a combination of both.
The treatment and baseline conditions differ not only their degree of automation but also in the presence of another truck ten metres in front of the driver. The reduced visual stimuli may make the drivers more fatigued, and this could be investigated in a separate study. Also, the results may differ if looking at long term effects.
The indication that drivers are under the impression that they have more situation awareness than they do, leading them to use their Bspare^attentional resources for non-driving activities, merits further investigation.
Conclusions
Workload was higher for partial than for full automation or the baseline condition. Trust and acceptance were generally highest in the baseline condition, and did not differ between partial and full automation. Drivers may believe that they have more situation awareness during automated driving than they actually do. Both levels of automation led to a higher degree of sleepiness than in the baseline condition. The challenge when implementing truck platooning is to develop a system, including human-machine interaction (HMI), that does not overburden the driver, properly addresses driver sleepiness, and satisfies current legislation. The system also must be trusted and accepted by drivers. To achieve this, the development of well-designed HMI will be crucial.
